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ON THE COVER 

A model of a submarine on a soundstage 
at Lucasfilm’s Industrial Light & Magic. 
Turbulence, bubbles and underwater par- 
ticles, and the wakes of attacking torpe- 
does were generated by ILM’s Computer 
Graphics department and then composi- 
ted with the footage of the models to 
create a convincing undersea illusion. 
Photo copyright 1989 Industrial Light & 
Magic. 


The Art of Science and the Science of Art 


It seems certain that the future will bring with it a convergence of science 
and art, two areas of discipline that have heretofore been polar opposites. 
The advent of visual processing has made it possible for members of these 
two divergent schools to develop a new appreciation for each other and to 
view their work from an entirely new perspective — each from the point of 
view of the other. 

Physicists, chemists, and engineers have traditionally been more 
numerically than visually oriented. The opposite has typically been true of 
artists (Leonardo daVinci may be the most famous exception to these two 
statements). Present technology makes it possible for scientists to create 
three-dimensional visual expressions of their equations. This can remove 
much of the mathematical abstraction of a concept and make complex scien- 
tific ideas more accessible to a lay audience. On the other hand, an artist, 
such as a sculptor, using the graphic computer as an integral part of the cre- 
ative process, may discover a new aesthetic in the mathematical underpin- 
nings of undulating surfaces and curving forms. 

In “The Art of Thermodynamics” Kenneth Jolls, a chemical engi- 
neer, extolls the “artistic beauty” of three dimensional images he has created 
to illustrate the structure and logic of thermodynamics. Sculptor Stewart 
Dickson, author of “Manufacturing the Impossible Soap Bubble,” takes a 
mathematical approach to his sculpture and produces the original mathema- 
tics from which it is derived. Dr. Court Cutting’s “Putting a Human Face on 
Computers” details how computer-aided planning is making significant break- 
throughs in unifying the science and art of reconstructive surgery. And 
Crispin Littlehale’s “The Undersea World of Industrial Light and Magic,” 
delves into visual processing’s role in that most diverting of industrial art 
forms: filmmaking. 

Mr. Dickson, the sculptor, claims that the “graphical computer has 
made artists out of mathematicians.” Mr. daVinci might feel right at home. 


— Douglas Cruickshank, Editor 


ERRATA 


In the last issue (IRIS Universe No. 11) the article on PowerVision entitled “Imitating Life,” incorrectly 
referred to the accumulation buffer as FlexScene. The correct name for the PowerVision accumulation buffer is 
SharpScene™ 

Also in the last issue, due to a production error, two sentences were misplaced in Laurence Feldman’s 
“The Right Tools for the Task.” The last two sentences of the second to last paragraph in the article should 
correctly read: “A ray-traced image developed for the Cray series computers will also be used to render 
airplane and flow field data. АП of the above techniques employed multiple light sources and produced 24 bit 
ngb images.” Our apologies to Mr. Feldman and our readers. 
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More power for your Silicon Graphics systems .. . 


PARITY SYSTEMS announces a family of 
enhancements for your Silicon Graphics systems 


PARITY Systems 
Inc. specializes in 
the development of 
high-performance 
add-on products for 
Sun Microsystems 
and Silicon Graphics 
workstations and 
networks. PARITY 
also enjoys an 
unmatched record 
for reliability. 


* 1 AND 4 Mbyte Memory EXPANSION MODULES 
BURNED-IN AND SYSTEM TESTED TO SPECIFICATION 

e SMALL PROFILE SCSI SUBSYSTEMS WITH Disk STORAGE 
TO 1.3 GBYTES AND TAPE BACK-UP To 2.3 GBYTES 

• HIGH PERFORMANCE COMBINATION DISK AND TAPE 
SuBSYSTEMS Wit Disk Capacities To 3.9 GBYTES 

• INTELLIGENT TERMINATION AND EXTERNAL SCSI ID 
SWITCHES SIMPLIFY INSTALLATION ON ALL SUBSYSTEMS 


Parity Systems ІМС. 


504A Vandell Way • Campbell, CA 95008 + 408/ 378-1000 - FAX 408/ 378-1022 • Telex: 4951250 UI + UUCP:...!coherent!parity!parity 


SOLUTIONS 


Backface Culling for Animation 
By Jack Moran 


eo 


A good animation sequence requires that the frame rate be 
as high as possible. Frame rate is dependent upon such factors 
as draw speeds, screen-clear time, fill rate, display-list tra- 
versal time, quad-word alignment, and other factors. Typ- 
ically, animations are accomplished by a separate list of 
polygons representing each frame of the animation. Here we 
present a method that reduces the amount of polygon data 
that needs to be processed during the animation sequence. 

The basic concept is to pre-cull backfacing poly- 
gons before they are sent to the graphics subsystem. This 
reduces the quantity of data that needs to be processed by 
approximately 50 percent. We do this pre-culling for all 
frames in the animation in a software algorithm every time 
the view is changed, because the lists become invalid with 
each new view. 

Assume that each polygon іп а frames display-list is 
associated with a visibility flag. If the view remains the same 
for the duration of the animation, only those polygons with 
visibility enabled are drawn. Otherwise, if the view has 
changed, the visibility test is not performed, and all polygons 
are sent to the graphics subsystem. 

On a multiprocessor machine, the maintenance of 
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the visibility flags тау be assigned to separate processing (see 
pseudo-code fragment). On uniprocessor machines, the pre- 
backface culling could be performed as soon as the view is no 
longer actively changing. 

A variation on this theme would be to maintain 
two display-lists (or two polygon pointer lists). List A would 
be the master list and list B would be a shorter list of polygons 
with the backfaced polygons removed. While this option 
may use more memory, the traversal algorithm is simplified 
because the visibility test is no longer necessary. 

Actual performance gains may vary on different 
system architectures depending on the location of system 
bottlenecks. 

The images for this article were generated by the 
program COMPAMM which was developed by the Centro 
De Estudios e Investigaciones Tecnicas De Guipuzcoa 
(CEIT). This package is used for kinematic and dynamic 
analysis of machines and mechanisms. Animation 
performance was doubled due to pre-backface culling. @ 


Jack Moran is a systems engineer at Silicon Graphics. 


struct { 
int *frame head; 
Boolean cull valid; 
} animation [NFRAMES] ; 


main () 


{ 
/* for simplicity, assume each frame in the animation is a list of polygons 
where animation[i] .frame_head points to the head of the list for frame і. */ 


new__viewing_flag = TRUE; child settled = FALSE; parent pid = getpid(); 
cull_pid = sproc(culling_proc, PR_SALL, animation) ; 


/* Allow child to initialize before continuing */ <a 
while(!child settled) sginap(1) ; an ee 
М ~ 


while (TRUE) { 
input events */ 


ReadQu: (&view_changed) ; 
Р if (view_changed) { 
| /* put new viewing matrix onto graphics 
| 
| 


stack and re-initialize viewing matrix */ 


/* wake up child process to do culling */ 
kill (SIGINTR, cull_pid) ; 
} 
frame = (frame++) + NFRAMES; draw— scene (animation, frame); 
) 
) 
draw—scene (animation, frame) 
{ 
if ( animation[frame] cull valid) { 
/* draw polygon list testing visibility flag at each polygon */ 
} else { 
/* агам all polygons in list without testing visibility */ 


} 


/* Process running in parallel to do backface removal of the polygon lists */ 
{ 

int i; 

extern intrhnd() ; 


sigset (SIGINTR, intrhnd) ; 
setblockproccnt (parent__pid, 0) ; 
sigsetjmp(jump_point, . . .); /* available at ІВІХ 3.3 */ 
child_settled = TRUE; 
while (TRUE) { 
if ( !new viewing fig ) { 
pause(); /* wait until there is work to do */ 


} 
for (i=0; i<NFRAMES; i++) { 
/* using latest viewing_matrix, cullout the backfacing polygons, 
setting visibility flag at each polygon to TRUE or FALSE */ 
animation [i] .cull_valid = TRUE; 
} 


} 
new__viewing_flg = FALSE; 
} 
} 
intrhnd() 
{ 
blockproc (parent pid); 
wing_ flg = TRUE; 
; i<NFRAMES; i++) animation[i]cull_valid = FALSE; 
unblockproc (parent__pid) ; 


/* jump back to restart culling all frames */ 
siglongjmp(jump_point, . . .); /* available at IRIX 3.3 */ 


“ъз, 
M - 
) 

culling— proc (animation) 
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Changing Technology? 


Because of the rapid pace in hardware develop- 
ment, your software tools are often left by the 
wayside. You rely everyday on these software 


applications in your job. When they are locked 
up because of lack of compatibility between your 
current hardware and your previous software, 
productivity is going to suffer. If the application 
you need isn't available on your workstation, you 
need TGRAF. 


TGRAF Is The Key For Unlocking 
Software 


People who give up their terminals for a stand- 
alone workstation find themselves either rum- 
maging around trying to beg, borrow, or buy a 
graphics terminal, or else giving up tools which 
have helped them do their jobs. Can you afford 
NOT to have your workstation access all the 
applications available to you? 


TGRAF Does More Than Just Unlock 
Your Software 


TGRAF software lets you connect your worksta- 
tion to existing applications running on other 
hosts. It does this by emulating Tektronix 4107 
and 4125 terminals, the most widely used 
graphics protocol today. Both serial 

(RS- 232 or modem) and network host 
connections are supported, as are task- 
to-task connections for Tektronix- 
compatible software running locally on 
your workstation. 


Call Us Today For A Free TGRAF 
Demonstration 


Don't keep your software tools locked away. 

Call us to set up a demonstration. See for yourself 
what unlocking your software can do. 

USA 1-800-426-2230, (in California and outside 
the U.S. 408-446-1919), Fax 408-446-0666, or write 
to: Grafpoint, Workstation Products, 1485 
Saratoga Ave, San Jose, California, 95129. 


С GRAFPOINT 


Grafpoint manufactures a comprehensive line 
of powerful Tektronix terminals for PCs, PS/2s, 
workstations, and Macintosh computers. 
Grafpoint and TGRAF are trademarks of Grafpoint 


Macintosh is a trademark of Apple Computer, Inc. 
Tektronix is a trademark of Tektronix, Inc. 


...to the world of Full Color Publishing 


D © and Silicon Graphics workstations. 


< Ф ne 


This composite image was created 

entirely with FULL COLOR PUBLISHER™ 
software operating on a Silicon Graphics 4D 
Series graphics workstation. 


FULL COLOR PUBLISHER™ combines Full 

Page Design and Layout, Interactive Image 
Compositing, High Resolution Photo Retouch 
and Painting, Mask Creation, Color Correction, 
and High Quality Output into a single integrated 

solution. 


Input to FULL COLOR PUBLISHER" is through 
standard scanners or through file formats such as 
PostScript™ or other Silicon Graphics product file 
formats. You can output your work to slides, film 
transparencies, color thermal prints, or high-end 
proofing prints. 


And with FULL COLOR PRE-PRESS™ you can 
take your work right out to print! FULL COLOR PRE- 
PRESS™ is a complete color separation product, 
which includes the features of FULL COLOR PUB- 
LISHER™, and gives you professional-level control 
over the creation of the CMYK films for print. This pro- 
duct interfaces with leading color imagesetters thus 
transforming your Silicon Graphics workstation into a 
complete color pre-press design system. 


Full Color Computing products are distributed exclu- 
sively in North America by KRISMARK CORPORATION, 
which also operates FULL COLOR PRODUCTION SER- 
VICES, a provider of IRIS Graphics printer and Manage- 
ment Graphics film recorder output for users of Silicon 
Graphics workstations. 


l М 


KRISMARK CORPORATION 90 Grove Street, 


Photographic imagery courtesy of Studio 65. Computer genera rtesy of SOFTIMAGE. 


FULL COLOR COMPUTING, FULL COLOR PUBLISHER, FULL COLOR SEPARATOR, FULL COLOR PRE-PRESS AND FULL COLOR I/O DRIVERS are 
trademarks of Full Color Computing, Inc. Silicon Graphics, SGI, Softimage, and PostScript are registered trademarks by their respective companies. 
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PUTTING A 
HUMAN FACE 
ON COMPUTERS 


j ; For the past several years the Institute of Reconstructive 

Three dimensional computer Plastic Surgery at New York University Medical Center has 
simulations are helping to utilized visual processing for developing computer-aided 
planning of craniofacial surgery. In craniofacial surgery, 

unify the art and science of bones of the skull are sectioned and then repositioned to 
improve the appearance of patients with severe facial bone 

recons tructive craniofacial malformations. The surgery usually takes place with the aid 


of a neurosurgeon, who performs a frontal craniotomy and 
retracts the brain away from the facial bones. This allows the 
bones to be cut and repositioned by the plastic surgeon. 
Two important considerations make computer- 
aided planning extremely useful. First, in the past, the 
surgery has been approached as an experience in 
sculpture. Unlike sculpture on more conventional 
media, facial soft tissue grows and swells markedly 
in response to injury. Consequently, the artistic 
method tends to break down in craniofacial 
surgery. The typical procedure usually 
begins with an incision made across the 
top of the scalp, to avoid scarring on the 
face. The soft tissue is then 
retracted down and away from 
the bone and the surgery pro- 
ceeds. By the middle of the 
operation, the facial soft tissue 
is very swollen making it diffi- 
cult to judge the aesthetic 
effect of the movements of 
the underlying bones. 
Secondly, it is 
no longer acceptable to 
wait for children with 


BY COURT CUTTING, M.D. these conditions to mature 


surgery. 
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before performing corrective surgery. The psycho-social damage 
caused by growing up with severe facial malformations is fre- 
quently irreversible. Therefore, surgery is usually begun in 


infancy. However, from a surgical planning perspective, the 
problem now becomes four-dimensional sculpture; future 
growth patterns must be factored into the planning 
equation. For these reasons computer graphics methods 
have been employed to increase the precision of the 
surgical planning process. 

Ihave directed this project in association with 
Drs. Marilyn Noz, Robert Hummel, Ken Perlin and 
their graduate students, Alan Kalvin and Betsy 
Haddad. Corporate Marketing at Silicon Graphics 
played a significant part in facilitating the work by 
arranging SGI’ loan of an IRIS 4D/70GT. 

Surgical planning was originally done using 
only thirty points on the surface of the skull. The 4 
points were located by triangulating simple frontal 
and lateral X-rays. The program was first written on a 
personal computer. It allowed the user to simulate sur- 
gery graphically in three dimensions on a wire frame 
image and have the computer automatically position 
the bone fragments to best approximate “normal.” 
Normal was defined by averaging a normative data set 
corrected for age, race, and sex. The project was then 
extended to 3D computerized tomographic (CT) images 
using SGI’s IRIS 2400. 

Although the first image was crude, the idea’s via- 
bility was clearly demonstrated. As clinical experience with 
the two methods grew, the earlier method proved more use- 
ful. The reason for this was that the first program included an 
optimization step which allowed the computer to automatic- 
ally position the skull bone fragments to best fit normal. The 
CT based simulation lacked this essential ingredient. 

For this reason work was begun on a quantitative, 
metric system which could be applied to body surfaces sam- 
pled from CT or magnetic resonance (MR) scans. As a first 
step in this direction a topologically connected three dimen- 
sional surface model had to be created from CT data. The 
data structure used was the winged edge representation. A 
new segmentation algorithm was employed to find the bone 
boundries at the skull surface and place the data into winged 
edge format. 

The topological connectivity is essential for the 
rapid acquisition of points in a local neighborhood. This 
allows neighboring points to be fit to continuous surfaces for 
computations of principal curvatures and directions which 
form the basis of the metric system now being developed. 


ture 


A normal human skull 
rendered on a Silicon 
Graphics 4D workstation 


Armed with this new metric system, optimizations of bone 
fragment position could be based on thousands of surface 
points rather than just a few. 

The research group at NYU feels strongly that the 
metric system under development has implications which 
extend far beyond plastic surgery. The parametric surface 
model could also form a rational basis for the statistical 
analysis of volume data. The volume data from a CT or MR 
examination could be compared to a database of normals 
corrected for age, race and sex, and the statistically signifi- 
cant abnormalities pointed up to the clinician with color 
coding. Although this last direction is science fiction at this 
time — today’s most powerful workstation could not handle 
such an application — the theoretical foundation is promis- 
ing. In coming years, as the capabilities of workstations 
approach those of supercomputers, these applications will 
become tractable. 


Dr. Court Cutting is Assistant Professor of Plastic Surgery at the 
Institute of Reconstructive Plastic Surgery, New York University 
Medical Center. 


13 


Issue Number Twelve 


f e acta те 


TIME-SLICED 
VISUALIZATION 


The Graphical Animation Software system, originally developed for 
meteorologists, has the potential for broad scientific use. 


BY ALAN DAVIS 


Florida State University’s Graphical Animation Software 
system, is capable of producing and viewing from 1 to 10,000 
frames of animation. The display system allows for the visu- 
alization, both spatially and temporally, of the massive 
amounts of data produced by fluid field numerical modeling. 
The system is part of Silicon Graphics’ IRIS Software 
Exchange program. To initialize the Graphical Animation 
Software system, a library of FORTRAN subroutines is 
called by the user’s application. The system then generates a 
sequence of frames representing the application output at 
different time steps. Because the display system is stored as 
graphical metacode, this process of taking “snapshots” pro- 
ceeds independently of the visualizations themselves. 
When the time comes to produce the images, a 
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rendering program translates the metacode into device- 
specific graphical instructions for display on an SGI worksta- 
tion. This step is run interactively, with the user being able to 
control many aspects of the display. Output can be redirected 
to an NTSC encoder for display on a television, or can be 
stored on tape for VCR replay. Any 2D or 3D time-varying 
spatial database can be displayed using the Graphical Ani- 
mation Software system, with color values denoting the 
intensity of a field. Meanwhile, temporal changes in the 
fields can be displayed as a sequence of still frames at a 
maximum rate of two to three per second. 

One major application of the system involves the 
computational modeling of fluid dynamical field flows in an 
ocean surface layer. The thickness of the ocean’s upper 
thermocline (the uppermost warm water layer on the ocean) 
is displayed by a color field, while a superimposed vector field 
represents the glow of a water current (as shown at right). 

The Graphical Animation Software system re- 
quires a minimum of 12 bitplanes since it runs in double- 
buffered mode. Main memory should be at least 8 MB to 
facilitate the creation of graphical objects in memory (thus 
allowing for an increase in the display rate of frames). A 
second hard disk is also recommended, given that typical 
metacode display files can run 5-10 MB apiece, with larger 
files consuming as much as 30 MB. SGI's genlock option and 
a digital NTSC color encoder are required if a television or 
VCR are used for visualization and/or storage. 


Alan Davis is a computer research specialist in Florida State 
University’s Department of Meteorology. For more information 
about the Graphical Animation Software system, contact Mr. 
Davis at (904) 644-3798 or <davis@masigl .fsu.edu>. 
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In little more than two months the computer graphics wizards in 
Lucasfilm’s special effects facility created a thrilling submarine 
confrontation, without ever getting their feet wet. 


BY CRISPIN LITTLEHALES 


In the first underwater scene of Paramount Pictures’ new 
release, The Hunt For Red October, the audience finds itself 
beneath the massive steel hull of a 600 foot long submarine 
moving swiftly through the dark infinity of the deep. The 
power of the submarine foreshadows the drama which later 
unfolds on this ominous undersea battleground. 

As the film continues, we witness submarines chas- 
ing submarines; torpedoes tracking their targets; subs racing 
through a labyrinth of coral caves; and a final confrontation 
between three of these giant vessels which leaves us on the 
edge of our seats. 

For most of the audience, the gripping special 
effects used to create these si 5 are so subtle, that few 
are even aware of them. The result is believable, and that’s 
exactly what Industrial Light & Magic, the special effects 
facility of Lucasfilm, Ltd., had in mind. 

In truth, there were no huge subs, no torpedoes, no 
turbulence, no particles floating in the water, indeed, no 
water. The underwater sequences were filmed “dry for wet” 
with miniature models on a smoke-filled stage. These were 
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then enhanced using a variety of techniques including very 
sophisticated computer graphics. The stage set-up estab- 
lished the overall drama of the shots, but the sense of reality 
and feeling of movement were heightened by the turbulence 
and particles created by ILM’s Computer Graphics 
department. 

From start to finish, ILM had less than six months 
to complete the project. In the world of special effects, that 
constitutes an unusually compressed schedule for such a large 
amount of work. ILM began the project by working from the 
script and storyboards. A rough cut of the film was also on 
hand. 

The film’s director, John McTiernan (Die Hard), 
wanted to achieve a certain look for the undersea sequences 
which included giving the submarines an appearance of 
being propelled through water under power, thus the need 
for turbulence. He also wanted to make sure that the audi- 
ence could understand movements of the camera and subma- 
rines. It was decided that this could be best achieved by 
introducing a frame of reference — particulate matter float- 
ing in the water. The approach conventionally used in spe- 
cial effects to simulate underwater was not, in itself, enough, 
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so ILM decided to enhance the stage work with а combina- 
tion of computer graphics, animation, and optical composit- 
ing to achieve the desired look. 

According to George Joblove, who supervised the 
computer graphics special effects for The Hunt for Red Octo- 
ber, several key elements were used to provide the necessary 
visual signatures: turbulence or wakes trailing the subma- 
rines and torpedoes, and particulate matter floating in the 
water. Nearly all the computer graphics work for these 
effects, including most of the image processing, was produced 
using Silicon Graphics Power Series systems. In addition, a 
Silicon Graphics Personal Iris was used to write various 
software tools for creating and previewing the work. 


Turbulence 


Computer generated turbulence appears at the 
back of the submarines in three main shots. The first is the 
long establishing shot of the Dallas, the American sub. In- 
house, ILM refers to the shot as the “Star Wars” shot. The 
camera is stationary as the sub enters the frame from above 
and behind the viewers. As the propeller comes into frame, 
one can see a rippling effect surrounding it. (Here, some 
artistic license was invoked since water is actually incom- 
pressible). There are also two shots of the turbulence sur- 
rounding the Red October's caterpillar drive. 

To create these images, Computer Graphics used 
the stage elements of the “underwater” background and the 
submarines. These were then manipulated — stretched and 
compressed in certain ways — then scanned back out to film. 
Steve Williams, one of several individuals working on the 
project, made numerical geometric models of the subma- 
rines. By putting key frames up on the Silicon Graphics 
system and using a double exposure technique between the 
actual film frame and the geometric model, Williams was 
able to match the movement of the live action submarines 
with the computer generated turbulence. 


Particle Systems 


In every undersea sequence in the film, there is 
particulate matter floating in the foreground. McTiernan felt 
that these particles contributed to the feeling of being under 
water. Computer Graphics used particle system techniques 
to generate eight or nine generic elements or patterns which 
were implemented by a camera moving through a field of 
particles in different directions at different speeds. These 


Unless indicated otherwise, all photographs copyright 1989 Industrial Light & Magic. 
All rights reserved. 


were first filmed individually as particles against black and 
then the optical department used the generic element best 
suited to the speed and direction of a specific shot. 

The generic particulate elements worked well for 
most scenes, but there were several shots in which the 
camera was panning or changing direction. In such cases, 
Computer Graphics designed customized particulate matter 
based on motion control data which was taken from the 
cameras used to film the models. The computer generated 
elements were choreographed identically to the camera 
movement to look like a single element once the two had 
been composited. 

The use of particle systems in films is not unprece- 
dented. П.М5 first use of the system was in Star Trek II . It was 
used to create the effect of a “genesis bomb” which turned a 
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barren moon-like planet into a life supporting Earth-like where the particles would be and placed the data in a file. 

planet. Particle systems have also been used in films to create That data could then be read by another program called а 

star fields or explosions. Typically, the systems are usedasa particle renderer, written by ILM’s Mark Dippé. The render- 

method of approaching a visual problem, and are, by nature, er was used to create the images of the particles frame by 

customized for each application. The particle system soft- frame. 

ware used for the The Hunt For Red October was first devel- 

oped by Scott Anderson, who joined ILM’s Computer Torpedo Wakes 

Graphics department two years ago. Anderson wrote the 

system on a Personal Iris. The torpedo elements for the film were shot on the 
Anderson's particle system program determined ILM stage against a blue screen background. The torpedoes’ 


ILM WINS ITS TENTH OSCAR FOR is the first time an organic creature has been successfully 
THE COMPUTER GENERATED modeled and animated using computer graphics, and real- 


“PSEUDOPOD” FEATURED IN istically composited into live action for a feature film. 
THE ABYSS The modeling was done using the Alias/2 software 


package along with ILM’ proprietary pseudopod software 
on Silicon Graphics’ 4D/70 GT and 4D/80 GT worksta- 
At this year’s Academy Awards, Industrial Light & Magic tions. 
was presented with its tenth Oscar for best achievement The animated models were combined with environ- 
in visual effects. ILM received the award for their work on ment texture maps created from photographs taken on 
The Abyss. Dennis Muren, visual effects s the film set, and then rendered on four SGI 4D/120 
the project, accepted the statuette: i multiprocessor systems using Renderman. The creature’ 
visual effects. Hoyt Yeatman of Dream (бт, pepe “skin of water” texture was created using ILM’s specially 
Skotak of 4-Ward Productions, and John Bruno also written software to “bump” the surface of the pseudopod, 
received Oscars for their companies’ contributions to The then timing and animating the bumps to react and look 
Abyss. like water. Since much of the character of water comes 
Muren supervised the creation of the “pseudopod from light and the reflections it carries, the computer was 
the strange creature made of seawater that enters the programmed to measure the precise angle of every surface 
under-water drilling rig and comes face-to-face with the in every frame. 
film’s stars, Mary Elizabeth Mastrantonio and Ed Harris. In the scene where the pod reconfigures its face to 
Many visual effects and computer graphics experts mimic the actors, ILM’s Computer Graphics team used a 
consider the pseudopod effect to be significant because it three-dimensional digitizer, basically a laser scanner, 
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fiery looking wakes were generated using particle system 
techniques; in this case, computer generated bubbles. Those 
elements were then delivered to ILM’s Optical Department 
for final compositing with the torpedoes and the background 
plates. 

In addition to Turbulence, Particle Systems, and 
Torpedo Wake effects, Computer Graphics did some touch- 
ing up here and there. On two of the shots Computer 
Graphics actually scanned in the whole frame, then manipu- 
lated the image and scanned it back out. The wires that were 


*Copyright 1989 Twentieth Century Fox. All rights reserved. 
Courtesy Industrial Light & Magic 


which made a separate scan of the actors’ expression: 
The raw data was then fed into the computer graphics 
system and manipulated electronically. Only the key 
expressions were digitized, with the computer interpolat- 
ing or filling in the in-between frames, utilizing a “morph” 
program developed for use on Willow. 

In its February 1990 issue, the highly regarded Ameri- 
can Cinematographer magazine said that the pseudopod 
effect “ILM created last summer for The Abyss proved. 
spectacularly [that] synthetic imagery really works! That 
effect will probably come to be regarded as the turning 
point in film history when computer generated imagery 
went from being a freak technique to being respected as a 
serious tool.” 

“The exciting thing is that we discovered we can get 
computer graphics to do things that were once thought to 
be impossible,” said project designer John Knoll. “Now 
almost anything can be modelled and brought to life.” 

Silicon Graphics congratulates all the contributors 
to the visual effects used in The Abyss for their innovative 
work. 


Videotape 
Your 
Computer 
Graphics 
Display 


RGB/ Videolink™ 


Scan Converter 


Model 1400A 


The Link Between 
Computer Graphics 
and Television Video for 
Video Taping, Video Projection 
and Video Transmission 


* All workstations supported 

+ Automatic conversion of input 
signals from 45-80 kHz 

«Real time operation 

+ Flicker elimination 

+ Composite (NTSC or PAL), S-VHS 
and RGB video outputs 

* Anti-aliasing 

+ Full screen conversion 

*Genlock 

+ Video overlay capability 

* Full 24 bit color 

* Simultaneous use of computer and 
video monitors 

+ Adjustment free operation 

+ Made in the USA 


Other models available for IBM / PC and Mac Il 
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2550 Ninth Street, Berkeley, CA 94710 
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used to move the models still remained in view. These were 
removed with a program originally written by Doug Smythe 
for work on Back To The Future II. In one shot, part of the 
stage floor appeared in the frame and Smythe wrote a varia- 
tion of the “wire removal” program, now referred to as the 
“floor removal” system. 

ILM had about six weeks to do all its research and 
development, define the effects’ “look,” and handle all the 
necessary software development. Once the shooting was 
underway, and the project progressed, ILM continued to test 


and refine its final output. In addition to overcoming techni- 
cal hurdles, Computer Graphics worked closely with the 
film’s director, McTiernan, as well as Scott Squires, the visual 
effects supervisor, and John Knoll, who served as associate 
effects supervisor, to achieve the appropriate look and feel. 
Feedback was provided on a daily basis by both Squires and 
Knoll. The department functioned with two shifts, running 
all the image processing overnight on SGI's Power Series 
machines. 

One of the most challenging things about the 
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assignment, according to George Joblove, was completing so 
much work on sucha tight schedule, since there was virtually 
no time for mistakes. What seems to have satisfied Joblove 
most about the project is ILM’s success in making the 
computer generated special effects integrate seamlessly with 
The Hunt for Red October's live action sequences, so that the 
audience is convinced they’re viewing “600 foot long subs 
moving under water and not 22 foot long plastic models in a 
smoke filled room.” & 


Crispin Littlehales is a freelance writer in San Francisco, 
California. 


Silicon Graphics Systems in Use at ILM 


The SGI equipment listed here is currently installed in 
the Computer Graphics department at Lucasfilm’s 
Industrial Light & Magic. 


"3 — 4D/240GTX Graphics Workstations each with 
64MB memory. 


* 1 — Graphics 40/240 Server with 64MB memory. 


"3 — 40/256 Graphics Workstations each with 
16MB memory. 


"1 – 4D/80GT Graphics Workstation with 16MB 


memory. 


= 1 — Silicon Graphics 4D/70GT Graphics Worksta- 
tion with 16MB memory. 


Real Time 


Video 
On 
Workstation 


Displays 


RGB/View™ 2000 


The RGB/View video display controller 


integrates real-time video with computer generated 


text and graphics on high resolution displays. 


The RGB/View accepts composite video 
(NTSC or PAL) or RGB component signals 
from a camera, tape recorder or video disc. 
Full motion video is displayed as a window 
on the workstation screen. 


+ Supports all high resolution 
computer systems 
+ Frame buffer independent 


* Output to the computer monitor 
or to a high resolution projector 
+ No processing burden on the computer 
*100% software compatible 
+ Full 24-bit color; highest quality 
video image 
* Video window control from the 
front panel or RS-232 port 


+ Text and graphics overlay on the 
video using a chroma keyer 


+ Made in the USA 


SPECTRUM 
Formerly RGB Technology 
2550 Ninth Street Berkeley, CA 94710 
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CD -ROM Available Now! 


ISO 9660 High Sierra Format DMA Terrain Data 


The Introl STERLING 600 CD brings the 
world of CD-ROM to Silicon Graphics 
workstations, including Defense Mapping 
Agency (DMA) digital terrain data. 


Hundreds of CD-ROM applications 


Other compatible CD-ROM's include 
medical data bases, clip art files, Jeppeson 
air charts, U.S. Geological Survey data, 
Cambridge Scientific medical databases, 
government data, encyclopedias, and even 
your favorite audio CD. 

The STERLING 600 CD includes Introl 
software to use the existing SCSI port on 
any SGI workstation. Auto install software 
makes installation a snap. Standard UNIX/ 


SGI commands can then be used to access 
the CD-ROM. 


The STERLING 600 CD is available in a 
matching SGI drive tower enclosure or in а 
desktop case for Personal IRIS systems. 


Introl's Family of SGI Peripherals 
Available for immediate delivery: 
• 650 MB Erasable Optical Subsystems 
* 2.3 GB 8mm Tape Subsystems 
* 1.2 GB DAT Tape Subsystems 
• Removable 396 MB to 3.4 GB 
Winchester Disk Subsystems 


* Custom Subsystem Designs 


Experience the Introl difference: Sterling 
quality and performance backed by people 
who care. 


Call Us For A Quote On Your Custom Peripheral Needs - (612) 631-7600 


2675 Patton Road x 


St. Paul, ММ 55113 

(612) 631-7600 FAX (612) 631-7802 9 
Introl Corporation 
1990 Introl Corporation. All rights reserved 


Introl is a trademark of Introl Corporation Silicon Graphics is 


SL-GMIS ...the complete graphical 
modeling system from SL Corporation. 


For: 


The Technology Leader in Dynamic Graphics 
for UNIX* and VMS Environments: 


Advantages of SL-GMS include: 


* A superior object-oriented architecture. 

* A more powerful drawing tool. 

* Direct, table-driven access to application data 
variables. 

* Моге than 40 dynamic actions for graphic objects. 

* Easier creation of custom graph types. 

+ Generally, а more open and extensible system. 


A Graphics Tool that Adapts to You—Not the 
Other Way Around. 

SL-GMS provides users with a uniquely open and exten- 
sible development system. SL Corporation believes a 
graphics tool should allow developers to create screens 
that look the way the developer wants them to look, not 
the way the toolmaker requires them to look. With other 
tools, developers wishing to go beyond vendor-supplied 
graphic objects and behaviors are forced to resort to raw 
coding. In contrast, SL-GMS not only supplies over 40 
basic graph types and 40 dynamic actions, but also 
provides a rich set of “building blocks” that the developer 
can use for modifications and extensions. All SL-GMS 
functions can be accessed by calls to the SL-GMS func- 
tee ibrary, providing developers with additional design 

lexibility. 


A More Powerful Drawing Tool. 

Anyone can use the SL-DRAW graphics editor, a mouse- 
driven environment that is a powerful extension of stand- 
ard drawing programs. With the point-and-click inter- 
face, users can easily create a wide variety of graphic 
objects and position them on the screen. 


SL-DRAW allows the specification of all standard graphic 
attributes including color, line width, fill percent, size, 
rotation, position, and text font. In addition, SL-DRAW 
supports many CAD-like editing operations not usually 
found in graphics packages, including a variable-spaced 
grid, backup and undo functions, point congruence, 
snap-to-grid, pan and zoom utilities, and the ability to 
add to, delete from, and move the points of an object. 
Any graphical attribute which сап be specified from 
SL-DRAW can be dynamically modified in response to 
changes in external data. 


SL-DRAW derives much of its power from the object- 
oriented architecture of SL-GMS. The SL-GMS user can 
create a screen with many objects just by creating a 
single object (such as a meter) and “instancing” it. Dynam- 
“including 386-based systems. 


ics can be applied to the “generic” object and/or to the 
instances themselves. For example, some attributes can 
be attached to all instances of the object at once, while a 
different property or dynamic behavior can be specified 
for each instance. The result of this hierarchical, object- 
oriented approach is an increase in developer productiv- 
ity that cannot be matched by “flat” systems. 


Output Dynamics 

The dynamics functions used to animate screen objects 
can be specified from the SL-DRAW editor. These func- 
tions establish direct connections between screen ele- 
ments and application database variables. Screen objects 
and object components—even sub-component elements 
and text—can be animated to reflect real-time changes in 
application variables. 


Direct Access to Application Data 

The advanced architecture of SL-GMS makes it possible 
to control animation and dynamics through a simple 
table-driven approach which links data variables to screen 
elements. 


Input Dynamics 

Screen objects created with SL-GMS can also be used 
the end-user to interact with the application. SL-GMS 

“GISMOS" can perform actions, evaluate expressions, 

reference variables and call user-defined functions, as 

well as input data values and switch between screen 

States. 


Text Editor Option 

The SL-GML Language interpreter is a full-command 
alternative/complement for editing screens in text mode. 
К handles conversion of binary-screens to ASCII or 
C-structure files for portability across platforms or compil- 
ation into diskless runtimes. It can make de-bug format 
dumps of screen files. SL-GMS simplifies the layout of 
complex screens which involve multiple, tiled, or over- 
lapping views. 


Advanced Technology 
The design of SL-GMS is founded on the SL-Object 
Oriented Environment (SL-OOE)—a tested, stable and 
pioneering implementation written in straight C. This 
kernel environment is complete, simple and elegant, and 
requires no special compilers, pre-compilers or C-language 
extensions, even though users wishing to inte- 
grate with C++ or Objective C may do so. 


Designed Portability Protects Your In- 
vestment 
Screens and programs built with SL-GMS on 


| 
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m 


Allows programmers 

and non-programmers to: 

. . .build and embed dynamic graphics 
screens in applications 


. ..design complex screen objects 
and connect them to real-time 
data sources 


. .. update screen objects with over 
40 dynamic actions 


• manufacturing and process control 
* network management 

* avionics/cockpit display 

* financial analysis and trading 


* database and expert system 
integration 


any supported platform run automatically on any other 
Supported platform. This allows users to build screens 
on lower-priced, lower-performance hardware, and then 
run them on faster, more capable hardware. . .or the 
other way around. Screens you have developed will 
remain transparently functional despite technical change, 
because SL-GMS is truly device-independent. 


Licensees of SL-GMS Include: 


The Boeing Company 
Chrysler Motor Corporation 
Combustion Engineering 
Cummins Engine Company 
Digital Equipment Corporation 
EJ. DuPont 

Eaton Corporation 

Eurotherm Corporation 

Fokker Space & Systems 
General Electric Company 
Hewlett-Packard 

Hughes Aircraft Company 
Johns Hopkins University, APL 
Lawrence Livermore National Labs 
Lockheed 

The MITRE Corporation 

Martin Marietta 

Northrop Corporation 
Salomon Brothers, Inc. 
Westinghouse Nuclear Division 


License Prices 
Development Configuration 


SL-GMS-dev $15,500 
Run-Time Module 
SL-GMS-rt (quan. 5) $1,800 


Call or write today for additional quantity, distributor 
or VAR discounts: 415/927-1724, FAX 415/927-2931. 


SL Corporation 

Suite 110 Hunt Plaza 

240 Tamal Vista Boulevard 
Corte Madera, California 94925 


formerly 
‘Sherrill-Lubinski Corporation 
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SOAP BUBBLE 


Through a new process 
called stereolithography, 
artists and engineers 
can create full 
three-dimensional 
models in plastic from 
computer data. 


BY STEWART DICKSON 


IRIS Universe 


At the 1990 SIGGRAPH in Dallas, 
there may be an exhibition of sculp- 
tures which really shouldn’t exist. Cre- 
ated using “stereolithography,” a new 
process for printing full three-dimen- 
sional models from computer data, 
sculptures of near-impossible forms will 
be fabricated with information sent 
from a CAD workstation. Employing a 
laser-based 3D rapid prototyping tool 
and photosensitive acrylic, close 
approximations of theoretical solids 
which can be topographically de- 
scribed by mathematicians, but which 
cannot actually exist in the ordinary 
physical world, can be fabricated in a 
matter of hours. 

I first heard of stereolithogra- 
phy through my work as the program- 
mer of three-dimensionally-modeled 
computer graphics and animation at 
The Post Group in Hollywood, Califor- 
nia. Stereolithography, was developed 
by 3D Systems in Valencia, California. 
The process is based on a liquid poly- 
mer resin which hardens under the 
influence of a computer-controlled 
laser. Very much like a 3D laser printer, 
an elevated platform submerged in the 
liquid accomplishes a layer-by-layer 
building up of a form through a series of 
electronic cross-sections, or slices, of a 
3D CAD model. Early adopters of the 
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technology include General Motors, 
Baxter Health Care, Eastman Kodak, 
Pratt & Whitney, and Apple Com- 
puter, where mechanical engineers 
used a Stereolithography Apparatus 
(SLA) to produce prototypes of com- 
puter parts such as fan blades. 


feature 


A stereolithograph of Steward Dickson’s Knot (the Torus Homeomorphic to the Trefoil 
Knot), as output in polymer-resin by 3D Systems of Valencia, California. 


The basic components of 3D 
Systems’ SLA consist of a UNIX 
engine that runs the company’s propri- 
etary slicing software, Ethernet net- 
working, a DOS-based microcomputer 
running control software, a mirror x-y 
scanner, a laser and an elevator mecha- 


nism that moves up and down within a 
vat containing an ultraviolet-sensitive 
liquid polymer called DeSolite. For the 
UNIX portion of the setup, 3D Systems 
makes available either a Silicon 
Graphics Personal IRIS workstation or 
80386-based NEC workstation. 


ко 
nA 


I had a particular interest in 
stereolithography because of my long- 
standing involvement with sculpture, 
particularly non-representational 
sculpture that embodies mathematical 
concepts. With stereolithography, I 
saw a chance to create works of art 
based on new mathematical research of 
impossible — but appealing — forms. 

Mathematicians know of a 
class of surfaces that mimics film drawn 
from wire curves dipped in a soap solu- 
tion. Called “minimal surfaces,” there 
are few examples of equations having 
the requisite properties — finite total 
curvature (energy- and surface-area 
minimizing property) and embedded- 
ness (non-self-intersection) in three- 
space. The history of the study of these 
special properties dates back to J. L. 
Lagrange in 1760, with most of the 
examples known today discovered be- 
tween 1760 and 1865. 

In 1983, Celsoe Costa, a grad- 
uate student in Rio de Janeiro, Brazil, 
wrote down the equations for a new 
example. The equations were so com- 
plex that the geometry of the object 
was obscured. Also, Cosi s unable 
to prove that the surface was em- 
bedded. 


a w 


In 1984, Professors of Mathe- 
matics David Hoffman and William 
Meek lll teamed up with computer pro- 
grammer James T. Hoffman at the Uni- 
versity of Massachusetts, Amherst. 
Together they were able to redirect 
their mathematical arguments and suc- 
cessfully prove the embeddedness of 
Costa’s Surface. They did so by render- 
ing pictures of polygon approximations 
of the equation for the surface. In the 
process, Hoffman, Meeks, and Hoff- 
man were able to find the symmetries in 
the surfaces. These symmetries sug- 
gested that Costa’s Surface was only 
one of an infinitely large class of related 
surfaces. These surfaces are single-sided 
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A stereolithograph of Dickson’s Genus 1, Four-Ended Minimal Surface of Hoffman 
and Meeks, Containing a Topological Handle. Output by 3D Systems, Valencia, 
California. 


and have no thickness — “impossible 
soap bubbles.” Theoretically accept- 
able, they are not physically realizable. 

Both their forms and the way 
they were derived are profoundly beau- 
tiful. Discovering a new class of surfaces 
with special properties by using 
computer modeling methods is a radi- 
cal departure from traditional mathe- 
matics. There, mathematicians have 
relied on drawing and occasionally on 
the skills of craftspeople to illustrate 
and provide an intuitive explanation of 
a theory. Yet a link has always existed 
between art and math. Fractals pioneer 
Benoit Mandelbroit found that the 
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feedback obtained from computer- 
generated images of his equations dra- 
matically changed the nature of his 
study. The study of minimal surfaces as 
sculpture is akin to the distillation of 
form to its essential purity as practiced 
by the Italian sculptor Constantin 
Brancusi. 

But are the objects that have 
been discovered through computer 
graphics art or mathematics? David 
Hoffman has called a recent traveling 
exhibition of photographs of the mini- 
mal surfaces “an exhibition of mathe- 
matics.” Scientists Heinz-Otto Pietgen 
and Peter Richter term their photo- 


graphic exhibitions of Mandelbroit and 
Julia sets MapArt (Julia sets are com- 
plementary mappings of Mandelbroit 
functions). Similarly, a few artists such 
as Ruth Vollmer, Max Bill, and 
Mauritus C. Escher adapted what they 
saw in mathematics to artwork they 
subsequently called their own. 

To create physical models of 
these mathematically significant and 
aesthetically satisfying forms, I pro- 
posed making sculptures of minimal 
surface forms using the new SLA tech- 
nology. The mathematical models had 
to be “thickened” through data manip- 
ulation programs in order to be turned 
into 3D art objects, a process that James 
Hoffman verified would create faithful 
renditions of the original surfaces. The 
surfaces of the object are involuted іп a 
way that makes them impossible to 
machine and extremely challenging to 
cast. 


On the technical level, a two- 
fold conversion process first involved 
the adaptation of the minimal surface 
objects received from James Hoffman. 
The binary geometrical patterns of the 
objects described in Hoffman’s Visual 
Programming Language had to be 
mapped out in a format the SLA could 
work with. The second tier of the con- 
version referred to the topological con- 
nectivity of the objects: the surfaces 
must be closed and homogeneously 
connected. A homogeneous right- 
hand connectivity of the polygon net 
(all polygons oriented counter-clock- 
wise) is a requisite to being able to tell 
whether the surface is closed. Each 
edge shares exactly two polygons and 
each vertex shares the same number of 
edges as polygons. 

The Wavefront Technologies’ 
3D graphics animation software used to 
make the sculptures had two limita- 
tions. First, Wavefront’s software was 
unable to render polygons which were 
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Left to right: The rendered images of the Manifold Torus of Tetrahedral Geometry/Topology, The Klein Bottle, and Photosculp- 


ture — a luminance contour graph or map of a digitally captured video image converted into a geometrical object. ©Stewart 


Dickson, courtesy of The Post Group. 


facing away from a camera and had no 
way to tell if a surface was homoge- 
neous or closed. What’s more, James 
Hoffman's objects were single-sided, 
equipped with rendering programs that 
treated the backs of polygons the same 
as the fronts. This is acceptable in the- 
ory but useless in the creation of sculp- 
ture, which cannot be infinitesimally 
thin. 

In sum, conversion programs 
had to be written to transfer object data 
between Wavefront Technologies and 
SLA object description conventions. 
Software had to be created that tested 
for the closure (the condition of every- 
thing being connected) and for homo- 
geneous connectivity of a surface 
(everything being connected in the 
same direction). Finally, software had 
to be developed to produce closed sur- 
faces of finite thickness, suitable for ste- 
reolithography, with verification of 
manifold connectivity (where certain 
kinds of multiple connections are pro- 


The rendered image of Dickson’s Knot 
(The Torus Homeomorphic to the Trefoil 
Knot). A photograph of the form as out- 
put in acrylic appears on pages 24 and 
25. ©Stewart Dickson, courtesy of The 
Post Group. 


hibited, so that, for example, more than 
two polygons can’t share the same 
edge). Nora Lesnet, 3D Systems’ 
Senior Software Support Engineer, 
helped test the output and certified the 
Wavefront-3D Systems conversion 
programs. Wavefront has since listed 
the programs as third-party products 
available to Wavefront users. 

The object data-conversion 
programs operate on all Post Group 
workstations connected to our 3D 
computer network. The network at our 
newly-opened Hollywood Digital Cen- 
ter is made up of a Silicon Graphics 
IRIS 2400GT, IRIS 3130 graphics 
workstations, an IRIS 4D/60T com- 
puter Server (CS-12), anda Sun Micro- 
systems 3/160 workstation. 

Ken Sims, Silicon Graphics’ 
Los Angeles sales representative, 
kindly lent me a 4D/20 Personal IRIS 
to use at home to create the pictures of 
the sculptures proposed for SIG- 
GRAPH 90. Don Brittain, Director of 
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feature 


Anyone can move VMS 
programs and data to a 
UNIX system. 


How can you add UNIX computing to a VMS environment? 
Very simply. . .thanks to Accelr8. With a series of four 
“transparent software” utilities, Accelr8 has cleared a 
new, more direct VMS-UNIX pathway. . .and made life 
easier for you in the process. 


Now you can move both data and programs from 

VAX computers to the industry's leading UNIX-based 
workstations. You'll enjoy the same look and feel of 
VMS-based operations—without having to learn complex 
UNIX commands or rewrite existing programs. Introducing 
VMS Transparent Software for UNIX users: 


Transl8—a powerful data translation utility that lets 
users move all types of files between VMS and UNIX 
environments. 
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The rendered image of the Genus 1, 
Four-Ended Minimal Surface of Hoff- 
man and Meeks, containing a topological 
handle. A photograph of the form as out- 
put in acrylic appears on page 26. 
©Stewart Dickson, courtesy of The Post 
Group. 


Research at Wavefront Technologies, 
gave me a six-month loan of the com- 
pany’s Advanced Visualizer software, 
Gorson Padwick, 3D Systems’ Director 
of Marketing Communications, took 
charge of rendering the first stereolith- 
ograph. 

A Genus 4, three-ended mini- 
mal surface was manufactured at 3D 
Systems on January 5, 1990. The form 
had been postulated to exist more than 
100 years ago, but had remained un- 
proven until then. It now existed for 
the first time outside the interior of a 
computer, a physical form accurate 
within one-hundredth of an inch of its 
theoretical shape. Its surface properties 
are those of a soap film drawn from a 
wire edge. 

At present the sculptures are 
limited in size by the SLA current 


The rendered image of the Helicoid. 
©Stewart Dickson, courtesy of The Post 


Group. 


maximum manufacturing capacity — 
roughly the size of a 10-inch cube. 
Some of the pieces intended for SIG- 
GRAPH '90 put into material form the 
minimal surface research performed by 
James Hoffman and William Meeks. 
Others create near-replicas of 100-year 
old impossible forms, such as the heli- 
coid and the catenoid. 

Stereolithography gives us the 
unique opportunity to transmigrate 
forms which have evolved in an 
abstract numerical vacuum and allow 
them to have substance for the first 
time. It is now possible to put into 
extremely accurate physical form a 
machine-resident image of a human 
thought process. 


Stewart Dickson is a programmer working 
in three-dimensionally-modeled computer 
graphics and animation at The Post 
Group, a full-service video editing, post- 
production, and special effects facility 
located in Hollywood, California. 


feature 


We simply do it differently. 


Libr8—a group of utilities that allows applications using 
the powerful VMS Run-Time Libraries to be ported directly 
to UNIX workstations. 


EDT8—a text editor that is virtually identical to VMS EDT 
in appearance and functionality. 

DCL8—a command interpreter that lets UNIX users continue 
working in their familiar VMS command language. 


Together, they offer you the simplest, fastest way to turn VMS 
power into UNIX productivity. For more information contact: 
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Technology Corporation 


The VMS-UNIX Connection 


Accelr8 Technology Corporation, 303 East 17th Avenue, Suite 108, Denver, CO 80203 
(303) 863-8088 
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RUE GENIUS IS 
THE SIMPLE 
XPRESSION OF 

OMPLEX IDEAS. 


You spend 
years, working 


ible intricacy 
for a new 
software application. And some- 
how you're supposed to create а 
graphical user interface that 
makes it easy for somebody to 
understand it all with just a few 
clicks of a mouse, a few objects 
on a screen. 

Perhaps the real genius in 
application development isn’t the 
complexity of the task, but the 
simplicity of its use. 

DataViews® was created with 
the belief that the most powerful 


months, maybe 


out every poss- 


applications are those that are 
most easily understood. Which is 
why we offer the most complete 
graphical user interface develop- 
ment environment 
on the market 
today. 

Simply stated, 
DataViews can 
provide you with an exceptional 
set of tools for making complex 
applications easily understood. 

Tools that 
enable you to 
create dynamic 
displays of real- 
time data. 
Tools that offer 
you total portability between major 


operating platforms. Tools that are 
relevant to almost all application 
environments including telecom- 
munications, finance, manufac- 
turing, and defense. 

But most importantly, our tools 
can save you endless hours creating 
and revising code for the visual 
interface between your applica- 
tion and the 


О, 


end-user. $ 

And by 
spending азмаз стыгын 
less time on ee 


your graphical interfaces, you'll 
have more time to create your 
application. 

Which, after all, is where your 
true genius shines. 


wd YataViews 
V.I. Corporation 


V.I. Corporation, Amherst Research Park, Amherst, MA 01002 


For more information about DataViews call 413-253-4270. йй 


DataViews is a registered trademark of V.I. Corporation. 


SiliconGraphics 
Computer Systems 


THE ART OF 
THERMODYNAMI 


Motivated by the century-old work 


of an unsalaried professor at Yale, 


two modern day chemical engineers are illustrating thermodynamic 
ideas with spatial models created on an IRIS workstation. 


BY KENNETH R. JOLLS 
AND DANIEL C. COY 


One of the principal objects of theoretical research in any depart- 
ment of knowledge is to find the point of view from which the 
subject appears in its greatest simplicity. 

— J. Willard Gibbs 


Among the sciences, no single discipline is as dreaded, 
maligned, and misinterpreted as thermodynamics. Despite 
its irrevocable involvement in all the processes of nature, it is 
shunned by the novice, mistrusted by the pro- 
fessional, and ignored by the layperson who, 
in blissful ignorance, may ask more from 
nature than thermodynamics tells us 
nature is willing to give. For over a cen- 

tury it has been the nemesis and undo- 


students who have stumbled over its 
postulated logic and subtle truths, 
often finding it illogical and con- 
trived. 

Yet few subjects have 
inspired so many. Modern ther- 
modynamics has been shaped by 
great minds dating back to the 

middle of the eighteenth century. But 
in the years since 1870, one person above all has emerged as 
synonymous with the rigorous formalism of the “queen of the 
sciences” — Josiah Willard Gibbs. 


ing of countless thousands of 


In the spring of 1873 Gibbs published the first part 
of his great trilogy on the mechanics of heat, “Graphical 
Methods in the Thermodynamics of Fluids.” The first sen- 
tence of that paper provided the motivation for the research 
reported here 117 years later: “Although geometrical repre- 
sentations of propositions in the thermodynamics of fluids 
are in general use and have done good service in disseminat- 
ing clear notions in this science, yet they have by no means 
received the extension in respect to variety and generality of 
which they are capable.” 

Though not the first to express thermodynamic 
ideas through spatial models, Gibbs extracted more from the 
geometry than did his predecessors. From the contours of 
these models he developed rationales for the state of a system 
(solid, liquid, gas) and for the tendency (through considera- 
tion of thermodynamic stability) for such states to change. 
For the first time a geometric art form was proposed to show 
the structure and logic of thermodynamics rather than to 
portray properties in some suitable coordinate system. 

But Gibbs’ papers themselves contained very little 
graphic geometry. The analogies were cast in words, not 
drawn in pictures. And for those who could not follow the 
elaborate verbal manipulation of lines and planes in space 
that permeates his writings, the physical meaning and the 
artistic beauty of these brilliant analogies were lost. Indeed 
the interesting connections between thermodynamics and 
geometry, which were the essence of Gibbs’ theoretical 
development, have all but vanished from the literature. That 
this was inevitable is not hard to understand. The difficult 
conceptual and artistic task of transforming Gibbs’ ideas into 
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The Equation of State (PVT) 


PENG- 
ROBINSON 
EQUATION 


Unstable region included. 


PENG- 
ROBINSON 
EQUATION 


Unstable region removed. 


PENG- 
ROBINSON 
EQURTION 


Metastable branches attached, coexistence surface 


transparent. 


Metastable branches removed, coexistence surface 
opaque. 
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three-dimensional models and drawings of such models has 
been attempted by only a few. 

Until fairly recently, visualizing geometrical analo- 
gies of complex physical phenomena has not held a high 
priority in science. And, until the introduction of superior 
modeling platforms with high performance graphics, the 
visualization process itself has been difficult, expensive, or 
impossible. 

There can be no doubt in the mind of any serious 
thermodynamicist that the images accompanying this article 
were vividly in Gibbs’ mind as he wrote his famous trilogy in 
the mid 1870s. Our role has been to do the mechanics of 
those visualizations and produce images that were 
unproduceable at that time. 

In this article we show the surfaces corresponding 
to the four “fundamental” equations for a pure fluid. These 
natural groupings of thermodynamic variables are listed 
below along with their modern symbols. The dimensions of 
the four dependent quantities (U, A, H, G) are energy/mass 
while those of the entropy (S) are energy/mass * temperature. 
All variables have been nondimensionalized for plotting.! 


Dependent Variable Independent Complete 
Variables Set 
energy (U) entropy, volume USV 
Helmholtz energy (A) temperature, volume АТУ 
enthalpy (H) entropy, pressure HSP 
Gibbs energy (G) temperature, pressure GTP 


The parent structure among these (and the founda- 
tion of the Gibbsian approach) is the energy-entropy- 
volume or USV model. This structure is labeled as the 
“Gibbs surface” in Figures 5-8 and was deduced from a 
geometrization of the combined First and Second laws of 
Thermodynamics through the differential equation 


dU = T (S,V)dS – Р (S,V) dV 


where the variables are defined as in the groupings above. 
The USV function encodes the totality of thermodynamic 
information about a system and makes that information 
accessible for recall (usually) through partial differentiation. 
The familiar quantities, temperature, and pressure exemplify 


this. 
au au 
Т = (д5]у Р == (әу 


feature 


Gibbs derived the Helmholtz energy, enthalpy, and Gibbs 
energy forms from the USV function as follows: 


A=U-TS H=U+PV G=U-TS+PV 


Today we recognize these relationships as Legendre transfor- 
mations — geometry-based shifts in one or both of the 
independent variables of a given form. Enthalpy, for exam- 
ple, is a first transform of the USV function where the 
volume variable has been replaced by the pressure. 

The nature of the Legendre transform preserves 
thermodynamic information among the shifted variable sets 
and functions so as to make certain dependencies more 
accessible in one coordinate system than in another. As 
already noted, temperature and pressure appear as slopes on 
the Gibbs surface, but in the other systems they constitute 
one or both coordinates. Geometric manipulations specific 
to each system model the practical operations of classical 
thermodynamics, and we designate each of the variable sets 
as equivalently fundamental. 

The “defined” character of the energy and entropy 
functions precludes their direct measurement. In the context 
of the images shown here, their determination is based on 
certain measurable thermodynamic derivative functions 
(compressibilities, expansion coefficients, heat capacities) 
that may be combined and integrated to obtain the parent 
fundamental forms. The specific approach used in this study 
was to combine a common pressure-volume-temperature 
(PVT) relationship with an expression for low-pressure, 
constant-volume heat capacity (C,*) and perform the inte- 
grations and other operations needed to produce the appro- 
priate generating equations. 

The PVT relation upon which this work is based is the 
well-known Peng-Robinson equation,? and the surface generated 
by that equation (with successive modifications dictated by sta- 
bility theory) is the subject of figures 1 through 4. 

The remaining groups of figures represent the first 
coherent set of thermodynamic fundamental equation sur- 
faces constructed in the history of the Gibbsian formulation. 
Prior attempts to characterize the individual structures by 
hand have largely been ineffective because of the need for 
graphic accuracy to the level of the second derivative. 

For each of the five sets of images the complete 
phase surfaces were partitioned according to stability theory 
and the node coordinates computed relative to that section- 
ing. For graphics processing, the sectors thus defined consti- 
tuted “parts” that could be assigned independent attributes. 
This enabled the color scheme, for example, to denote local 
stability rather than requiring the observer to infer that 
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Energy-Entropy-Volume (USV) 


51885 
SURFACE 


This image follows the color code. The critical point is at the 
junction of the six colored zones. The unstable region violates 
the stability criterion UssUyy — (Usy)? > 0. Energy is positive 
downward. 


51885 
SURFACE 


Following Gibbs’ arguments, a (transparent) tangent plane 
has been placed on the surface at the point marked ш. The 
principal slopes of the plane denote the temperature and pres- 
sure at the point of tangency [Т = (dU/0S),, P = -(90/0У)5], 
and the intercept of the plane on the pole gives the chemical 
potential (u = G = + PV - TS). 


Brees 
SURFACE 


In this image all stable states are light blue, metastable and 
unstable states are darker. The marker pole represents the 
negative U axis. 


Бтав5 
BUAFRCE 


Here the plane has rolled past the critical point and encoun- 
tered the depression in the surface caused by the convexity 
change in the unstable region. Now a pair of coexisting tan- 
gent points are found, each having the same principal slopes 
(implying equivalent temperature and pressure) and each pro- 
jecting to the same intercept on the pole (implying equivalent 
chemical potential). This illustrates Gibbs’ geometrical anal- 
ogy of phase equilibrium in a pure fluid. 


characteristic from second derivative behavior. 

Transparency was invoked to make certain struc- 
tures visible that would otherwise have been obscured. The 
coexistence surfaces in the PVT and HSP sequences (yellow- 
green in figure 3, green in figure 16) illustrate this feature for 
static effects such as intersections and hidden surfaces. The 
transparency of the yellow tangent plane in the USV 
sequence (figures 7 and 8) permits viewing of the point(s) of 
tangency so as to confirm the response of the rolling plane to 
the curvature of the surface. 

These images model the thermodynamic properties 
of pure fluids — one-component systems in the liquid and/or 
gaseous states. They are exact implementations of the ideas 
expressed by Gibbs in the second of his three papers. Phase 
structures for multicomponent systems were the subject of 


IRIS Universe 


EN 


Gibbs’ third and best known paper* and comprise higher 
dimensional hypersurfaces that must be decomposed into 
three-dimensional components for visualization in the style 
of this work. Research to produce these more complex draw- 
ings is under way. 


Details of The Technique 


The present images were generated with a Silicon Graphics 
3030 IRIS workstation. The 3030 has a resolution of 768 X 
1024 pixels and is equipped with 24 bit-planes of display 
memory, thus permitting the simultaneous display of 16.8 
million colors. 

The rendering software was MOVIE.BYU, version 
6.2.5 Adaptation of the MOVIE code included a locally 


Helmholtz Energy-Temperature-Volume (ATV) 


This form is a first Legendre transform of the USV function. 
Outside the unstable region it behaves as a saddle surface. 


The appended structure comprises subcritical, isothermal 
lines, each tangent to the ATV surface at two distinct points 
(volumes). Each pair of tangencies has a unique pressure 
ГР = —(дА/дУ)т ] and projects to а chemical potential com- 
mon to the two points in the pair (u is given by the intercept 
of a particular tangent line on the coordinate wall, V = 0). 


Here the unstable region has been removed. 


Here the stable and metastable liquid branches have been cut 
away to reveal the complete curve of common chemical poten- 
tials for the reference conditions chosen. This illustrates 
Gibbs’ phase-equilibrium analogy transformed to the ATV 
coordinate system. 


written 24 bit-plane IRIS driver, extension of the possible 
array sizes to allow for increased numbers of polygons, and 
minor modifications to the menu structure. The effects sup- 
ported by MOVIE are well suited to the treatment of thermo- 
dynamic surfaces. The ability to specify the lighting model 
permits emphasizing the contours of the surface. The trans- 
parency option enabled us to produce unobtrusive coordi- 
nate planes and generate tangencies and overlays without 
hiding underlying structures. The “fringing” effect (not used 
in these images), where color changes in proportion to some 
computed quantity, is useful for conveying derivative or 
other dependent-variable information. Captioning was also 
carried out within the program to produce axis labels and 
properly oriented titles. 


w 
л 


Maxwell’s Model 


While Gibbs’ ideas for using the geometry of a surface to 
model thermodynamic equilibrium were quite new in the 
latter decades of the 19th century, they would have been 
accepted slowly in England and in Europe had it not been for 
the efforts of James Clerk Maxwell, then head of the Caven- 
dish Laboratory at Cambridge University. Maxwell’s fascina- 
tion was such that he spent an entire winter building a solid 
model of the USV surface for water. In a letter to Thomas 
Andrews, the discoverer of the continuity between liquid 
and vapor he wrote:6 “I have just finished a clay model of a 
fancy surface showing the solid, liquid, and gaseous states, 
and the continuity of the liquid and gaseous states.” Maxwell 
sent Gibbs a plaster cast of the model and kept a second copy 
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Enthalpy-Entropy-Pressure (HSP) 


Enthalpy is another first transform of 


Features have been exaggerated by 


By analogy with the ATV surface, 


USV. Plotted in its unamended form, plotting the enthalpy difference subcritical, isobaric tangent lines form 
the surface appears flat at this На = H(S,P) - Н,,, an appended coexistence surface in this 


magnification. 


The reference plane 
tangent to the enthalpy surface at the 
critical point. Hy is positive downward. 


(5) 
i 


H,. (S) ] is image. The points im each pair of 
tamgencies have the same temperature 
ГТ = (дН/д8)р ] and project to а 
common chemical potential — shoum by 
the intercept of the tangent line on the 


coordinate wall, S = 0. 


Gibbs Energy-Temperature-Pressure (GTP) 


GIBS. 
ENERGY. 


The Gibbs energy is a second transform of the USV 
function. The liquid and vapor branches intersect 
to give a single coexistence curve [ (Т) = G(T) ]. 
Much of the intersection is hidden in this image by 
the opaque unstable region above it. 


With the unstable region removed, the intersection 
curve is visible over its entire length [ 1.0 > (T/T) 
> 0.85 ]. 
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that is on display today in the Cavendish Laboratory. Gibbs’ 
copy is preserved at Yale. 

In the latter decades of the twentieth century, with 
the splendid visualization tools that we have at our disposal, 
illustrating Gibbs’ verbal analogies is an interesting exercise 
in applied physical chemistry. Recognizing them a century 
ago, in the thin air of thermodynamic abstraction and with 
little or no possibility for visual verification, was a feat that 
few of us can imagine. 
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PostScript Compati- 
ble Interpreter for 
the Personal IRIS 


Under the terms of an 
Independent Software 
Vendor agreement with 
Silicon Graphics, Custom 
Applications, Inc. (CAI) 
will provide a PostScript 
language compatible inter- 
preter for the Personal 
IRIS workstations. With 
the product, PostScript 
will be interpreted in the 
workstation, rather than 
in the printer. 

Users will be able to 
access over forty distinct 
printers, plotters, and film 
recorders. A facility for 
providing variable resolu- 
tion raster file output will 
also be available. The 
interpreter will use the 
Agfa Compugraphic in- 
telligent font scaling sub- 
system known as “Intel- 
lifont” for all font mani- 
pulations. PostScript sup- 
port will provide a foun- 
dation for color publish- 
ing uses. 

For more information, 
contact: Mark Hastings, 
Custom Applications, 
Inc., Billerica, Massa- 


chusetts, (508) 667-8585. 


New 4D/300 Project 
Supercomputers 


On April 2, 1990 Sili- 
con Graphics announced 
a new product line of 
Project Supercomputers. 
The 4D/300 line offer 


a dramatic increase in 


PRODUCT BRIEFING 


system throughput over 
the existing 4D/200 prod- 
uct line, while maintain- 
ing 100 percent binary 
compatability with the 
entire SGI product 
family. 

The 4D/300 line, an 
extension of the IRIS 
POWER Series™, in- 
cludes five major en- 
hancements over the 
existing 4D/200 product 
line: 33MHz RISC pro- 
cessors; IPIZX™ disk 
subsystem; the POWER 
Channel™ I/O Processor; 
enhancements to the 
IRIX™ operating system 
including REACT™ real- 
time extensions; and 
high-density 4Mbit 
DRAM memory chips. 

The 4D/300 product 
line offers 1/О and mem- 
ory capabilities that were 
previously available only 
in the mini-supercom- 
puter class of machines, 
systems that cost five to 
ten times more. 

For more information, 
contact: Silicon Graphics, 
(415) 960-1980. 


Analog Video Mixer 


for Computers 


RGB Spectrum has in- 
troduced a High Resolu- 
tion Video Mixer 
(HRVM) for mixing com- 
puter video signals in real 
time. By combining the 
power of more than one 
computer, the HRVM 


allows real-time genera- 


tion of images or scenes 
too complex for a single 
system. 

The product combines 
the video output from 
two genlocked worksta- 
tions or graphics systems 
displaying up to 1280 x 
1024 pixels. One is used 
to calculate the fore- 
ground image, while the 
other calculates the back- 
ground. The HVRM 
accepts both video out- 
puts and combines the 
two using a chroma key. 
For complex 3D scenes, 
multiple workstations 
may be connected by 
using two or more 
HRVM units. 

For more information, 
contact: Carol Fogel, 
RGB Spectrum, Berkeley, 
California, 


(415) 848-0180. 


Tecnomatix 
Receives 
Major Order 
from Ford 
Motor 
Company 


Tecnomatix 
Technologies 
announced a 
major order from 
Ford Motor 
Company Worldwide 
Users Group for ROB- 
CAD workstations. The 
ROBCAD workstation 
features a software pack- 
age for design, simulation, 
and off-line programming 
of robots. These robots 


assist in the flexible auto- 
mation of manufacturing 
industries. 

ROBCAD assists the 
implementation of these 
CAM engineering sys- 
tems by allowing an 
operator to model, mod- 
ify, and evaluate various 
automation concepts. A 
detailed design of the sys- 
tem may be generated 
by using ROBCAD's 
library of robots, auto- 
mation components and 
user CAD files. The oper- 
ation of the system can 
be simulated to optimize 
component selection, 
placement, motion con- 
trol sequence, and cycle 
time. The automation 
system is programmed off- 


line by downloading 
ROBCAD generated pro- 
grams to the various 
device controllers. 

For more information, 
contact: Harel Beit-on, 
Tecnomatix, Novi, Mich- 
igan, (313) 471-6140. @ 
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Call for Ideas — 
National Neural 
Circuitry Database 


The Institute of Medi- 
cine of the National 
Academy of Sciences has 
formed a study committee 
to examine the feasibility 
of establishing a National 
Neural Circuitry Database 
(NNCD). The commit- 
tee report is scheduled 
to be released in January 
1991. Under considera- 
tion is a NNCD that 
would contain textural 
and graphic information 
on the anatomy, physiol- 
ogy, chemistry, and phar- 
macology of rat, monkey, 
and human brains. The 
database would, through 
2 and 3-D graphic dis- 
plays, permit the user to 
rotate or slice the images 
in order to access infor- 
mation regarding brain 
structure and function. 
Such a database could 
also allow for the elec- 
tronic storage and trans- 
mission of neuroscience 
data. In addition, the 
database might function 
as a vehicle for collabora- 
tion on basic and clinical 
neuroscience research, 
and for data sharing. 
Individuals who wish 
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to offer ideas may do so, 
in writing (two typed 
pages maximum). Dead- 
line for submissions is 
May 31, 1990. Send to: 
Constance Pechura, 
Ph.D., National Academy 
of Sciences, Institute of 
Medicine, Room 324, 
2101 Constitution Ave- 
nue, N.W., Washington, 
DC 20418. 


Visualization in 
Biomedical 
Computing 
Conference 


The first Visualization 

in Biomedical Computing 
Conference (VBC) will 
be held May 22-25, 1990 
at the Ritz-Carlton Buck- 
head Hotel in Atlanta, 
Georgia. The conference 
is hosted by the Georgia 
Institute of Technology 
and Emory University 
School of Medicine. 
Sponsors include the 
IEEE Computer Society 
and the National Science 


Foundation, among others. 


The goal of the confer- 
ence is to define and 
promote the emerging 
science of visualization 
by bringing together a 
multidisciplinary, interna- 
tional group of research- 
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ers, scientists, engineers, 
and toolmakers engaged 
in all aspects of scientific 
visualization, and, partic- 
ularly, visualization in 
biomedical computing. 

For further informa- 
tion, contact: Continuing 
Medical Education, 
Emory University School 
of Medicine, 1440 Clifton 
Road, NE., 104 
WHSCAB, Atlanta, 
Georgia 30322, (404) 
727-5695. 


Speakers Wanted 
for Women and 
Mathematics 


Women and Mathema- 
tics, a speakers program 
of the Mathematical 
Association of America, 
is seeking professional 
women in science and 
engineering to visit high 
school and junior high 
classes, clubs and career 
fairs. Speakers discuss 
their jobs, the college 
education that is required 
and necessary high school 
level preparation. 

For more information, 
contact: Alice J. Kelly, 
National Director, Wo- 
men and Mathematics, 
Mathematics Department, 
University of Santa 


Clara, Santa Clara, CA 
95053: (408) 554-6811 
or akelly@scu.BITNET 


Worldwide Art 
Contest Call for 
Participation 


The seventh annual 
Conference of the Aus- 
tralian Computer Graph- 
ic Association, Ausgraph 
90, has issued a call for 
participation in their Art 
and Video Program. Sub- 
missions will be consid- 
ered for artwork and 
installations for an inter- 
national exhibition of 
art and technology, 
papers for the Arts 
Stream of the conference, 
and animations and digi- 
tal video for the National 
Art and Animation Com- 
petitions. The deadline 
for entries is June 1, 1990. 
Total prizes will 
amount to several thou- 
sand dollars to be 
awarded by Pansophic 
of Australia and others. 
For more information, 
contact: Paul Brown, 
Ausgraph 90, P.O. Box 
29, Swinburne Institute, 
Parkville, Victoria 3052, 
Australia. Telephone: 61 
(3) 387-9955, FAX: 61 
(3) 387-3120. 


SIGGRAPH ’90 
The 17th International 


Conference on Computer 
Graphics and Interna- 
tional Techniques will 

be held in Dallas, Texas, 
August 6-10. The confer- 
ence includes panel dis- 
cussions, a tradeshow, an 
art show, technical 
papers, a film and video 
theater, and an exhibit 
of hypermedia. For con- 
ference information, 
contact: SIGGRAPH ’90, 
Conference Management, 
Smith, Bucklin, and 
Associates Inc., 111 East 
Wacker Drive, Suite 600, 
Chicago, IL 60601, (312) 
644-6610. 


PARIS CITEE 

The International 
Competition for 
Creative Technology 


The aim of this interna- 
tional event is to unite 
the worlds of artistic cre- 
ation and industrial in- 
novation, concentrating 
on image, sound and 
music, language, and 
audiovisual production. 
This “summit meeting” 
of science, industry and 
the arts includes an inter- 


national competition 
open to artists, com- 
panies, and engineers, 
an exhibition of the lat- 
est industrial and artistic 


innovations using new 
technologies, and.a gala 
event at the Theatre des 
Champs-Elysees. 

PARIS CITE takes 
place June 15-25, 1990 
in Paris, France. For more 
information, contact: 
Francis Balagna, Secre- 
taire General de PARIS 
CITEE, Mairie de Paris- 
adac, 27, quai de 
la Tournelle-75005, 
Paris, France, 

(phone) 43.26.29.99, 
(fax) 43.29.38.01. 


Visualization ’90 


Visualization ’90 will be 
held October 23-26 in 
San Francisco, California. 
The conference is con- 
cerned with all aspects of 
visualization, with a spe- 
cial focus on interdisci- 
plinary techniques. 

The submission dead- 
line for panel proposals 
is May 1. Contact 
Georges Grinstein at 
(508) 934-3627. Tutorial 
proposals also have a May 
1 deadline, contact David 
Salzman at (609) 


IS 


520-2000. The same 
deadline applies to case 
studies. Contact Paul 
Hazan at (301) 953-5364. 
Papers are due May 15, 
contact Arie Kaufman at 
(516) 632-7441. Demon- 
strations will be due June 
1, contact Val Watson 

at (415) 604-6421. The 
conference is sponsored 
by IEEE Computer Soci- 
ety, Technical Committee 
on Computer Graphics. 


Supercomputing ’90 


This conference, which 
is jointly sponsored by 
IEEE Computer Society 
and ACM SIGGRAPH, 
takes place November 
12-16 at the New York 
Hilton, New York City. 
The conference brings 
together supercomputing 
system researchers, de- 
signers, managers, com- 
putational scientists, and 
engineers. It will include 
a technical program of 
invited and contributed 
papers, tutorials, poster 
sessions, vendor and 
research exhibits, and 
product briefings and 
demonstrations. 

For more information 
contact: Joanne L. Mar- 
tin, General Chairperson 


at (914) 945-3285 or 


jlmart@ibm.com. 


Second International 
Symposium on 
Electronic Art 


This year’s conference, 
held Nov. 12-17 in Gro- 
ningen, Holland, will 
feature a scientific sympo- 
sium, workshops on com- 
puter art and music, con- 
certs, a film and video 
show, and an exhibition. 
For more information, 
contact: SISEA, Wester- 
havenstraat 13, 9718 AJ 
Groningen, The Nether- 
lands, (phone) 
31-50-138160, (fax) 
31-50-138242 or 
scan@hgrrugs .BITNET. @ 


Please send submissions 

to Community Forum to 
IRIS Universe, Mail Stop 
415, Silicon Graphics, 
Inc., 2011 N. Shoreline 
Blvd. Mountain View, 
California 94039-7311 
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COMING ATTRACTIONS 


Coming in Future Issues 


of IRIS Universe: 


The IRIS and 

the Human Genome Project 

A new three billion dollar project 

to decipher the entire DNA structure 
of a single human cell will require 
computer systems that can handle 
large volumes of information at high 
speed, provide interactive perform- 
ance, and are easy to use and 
maintain. 


Geo Sciences: 

the Present and the Future 

A series of articles. The first will 
focus on the petroleum industry 
where visual processing is an impor- 
tant and useful new tool. 


Synthetic Digital Environments 

A day in the life of a parallel uni- 
verse. Virtual Environment, Virtual 
Reality, SDE, call it what you will, 
the practical applications present a 
vast array of new challenges for 
visual processing. 


A Comparison of Windowing 
Environments 


Advanced Beta-Spline Techniques 
Inside a Super Nova 


New Possibilities in Character 
Animation 


AND MUCH MORE! 


IRIS Universe 


SILICON GRAPHICS, INC. 
EDUCATION CENTER 
COURSE CALENDAR 

(Through December 1990) 


COURSE 
4D SERIES COURSES 


Graphics Programming 
4.5 days 


Advanced Graphics 
3.5 days 


Parallel Programming 
4.5 days 


System Accelerator 


4.5 days 


System Administration 


4.5 days 


Network Administration 
4.5 days 


System Maintenance 


10.0 days 


Personal Iris Maintenance 
3.5 days 


Multiprocessor Maintenance 
4.0 days 


LOCATION* 
WEC EEC 
Jun 25, 1990 Jun 4, 1990 
Jul 23, 1990 Jul 9, 1990 
Aug 20, 1990 Sep 17, 1990 
Oct 1, 1990 Nov 5, 1990 
Nov 5, 1990 
May 28, 1990 Jul 16, 1990 
Jul 30, 1990 Sep 24, 1990 
Oct 8, 1990 
May 21, 1990 not available 
Jul 23, 1990 
Oct 22, 1990 
Jun 4, 1990 Jun 11, 1990 
Aug 6, 1990 Jul 23, 1990 
Sep 17, 1990 Aug 20, 1990 
Oct 15, 1990 Oct 1, 1990 
Dec 3, 1990 Nov 26, 1990 
Apr 30, 1990 Jun 18, 1990 
Jun 11, 1990 Aug 27, 1990 
Aug 13, 1990 Oct 8, 1990 
Sep 24, 1990 
Dec 10, 1990 
Aug 20, 1990 Oct 15, 1990 
Dec 17, 1990 
Jun 11, 1990 Jul 30 ,1990 
Oct 22, 1990 Dec 3, 1990 
Aug 13, 1990 not available 
Jun 25, 1990 not available 
Nov 5, 1990 


KEY: WEC—Western Education Center, Mountain View, CA. 
EEC—Eastern Education Center, SGI Federal, Bethesda, MD. 


*The SGI Education Center reserves the right to cancel classes due to insuffi- 


cient enrollment. 


To register or obtain more information, call 800/356-9492. 


Show Your True Colors 


SCANNING SUBSYSTEM 


I troducing the GBA-Scanin Subsystem, a high resolution, true color 

scanner application for use with Silicon Graphics’ 4D Family of computers. GBA Scan n 
GI in gives you high-end scanning power with the SHARP JX-450 and JX-600. 

The 11"x17" scanning bed even works with transparencies — 8.3"x11.7" on the J) 

and 11"x16.5" on the JX600 with scanning resolution up to 600 dpi 
When used with SHARP’s new compact | ЈХ-300, GBA-Scanin will give you clear, 

crisp images from originals up to 8.5"x11". SHARP JX-300 — SHARP JX-450/600 
GI inin’s flexibilit ts you scan either an entire image, or a sp > area from 

an image. Then save in your choice of file formats — SGI, WAVEFRONT, ALIAS, TIFF, 


an get ie entire Subsystem — scanner, GBA-Scanin, GPIB board, and a 4M GBA 
cable — at a price lower than you'd ever expect. 


Don’t you think it’s time to show olors? 228 HAWTHORNE AVENUE 
yout р how your true colors? (САТ КОНДА О 


415-948-4711 
Copyright © 1989 Sharp El Copyright © 1989 GBA-Scanin FAX 415-949-5005 or 408-370-2121 


ONE SOFTWARE TOOL FOR ALL YOUR 
REAL-TIME VISUALIZATION NEEDS 


What do British Aerospace, McDonnell Douglas, TRW, Rockwell International, Northrop, the 


U.S. Navy, the U.S. Air Force, and other high-technology organizations have in common? 


THE GENERIC VISUAL SYSTEM™ 


GVS software provides a powerful and cost-effective 
solution for embedded systems and computer generated 
imagery (CGI) applications. The GVS provides portable, 
real-time solutions for any graphics application, e.g., flight, 
ground, or space simulation, which requires fast display 
update rates. 


• Create your own universe easily — add your own out- 
the-window scenes or 2-D and 3-D symbology 
applications 

e Add your own special effects or use ours 

• Supports your single or multiple channel applications 

• Easily interface your external host computers — choose 


Ethernet TCP/IP, UDP, or shared memory network hard- 
ware available from Gemini Technology 


Interfaces with your existing simulation software 

Maintains graphics hardware operation at peak performance 
Automated level of detail scene management 

Automated airport scene generation tools 

3-D object control is as simple as X-Y-Z, pitch-roll-heading 


Data bases—model directly with the GVS or import data 
base models from various off-line interactive modelling 
systems including MULTIGEN or SUPER 3D 


Hardware independence— PHIGS, PHIGS + compatible 


Rapid prototyping for real-time symbols including Head-Up, 
Multi-Purpose, or Helmet Mounted Displays 


Software development with Fortran-77, C, or Ada® 


For information or a demonstration, 
=>) Gemini Technology Corp. 
5 Jenner Street, Suite 165 
Irvine, CA 92718 USA 


Tel: (714) 727-1980 
Fax: (714) 727-3066 


Generic Visual System and GVS are trademarks of Gemini Technology Corporation. MultiGen is a trademark of Software Systems. Ada is a registered trademark of the Department of Defense. Super 3D 


is a trademark of Silicon Beach Software, Inc. 


